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EXECUTIVE  SUMMARY 

The  Mt.  Bennett  Hills  Geology,  Energy  and  Mineral  Resource  Area  (GRA)  is 
located  south  of  Camas  Prairie  in  Camas,  Gooding  and  Elmore  Counties,  Idaho. 
The  area  includes  six  BLM  Wilderness  Study  Areas.  These  are  the  Little 
Rocks  (54-5),  Black  Canyon  (54-6),  Gooding  (54-8a),  City  of  Rocks  (54-8b) 
and  Deer  Creek  (54-10)  WSAs  in  the  Bennett  Hills  Resource  Area,  Shoshone 
district,  and  the  King  Hill  Creek  (19-2)  WSA  in  the  Cascade  Resource  Area, 
Boise  district. 

Bedrock  in  the  Mt.  Bennett  Hills  GRA  consists  of  young  volcanic  rocks  and 
interbedded  sedimentary  rocks.  There  are  a  few  exposures  of  crystalline 
intrusive  rocks  in  the  northern  part  of  the  area.  The  six  WSAs  are  entirely 
underlain  by  volcanic  rocks. 

The  amount  of  data  available  for  the  Mt.  Bennett  Hills  GRA  is  limited. 
There  is  no  geochemical  data,  and  very   little  information  on  oil  and  gas 
resources  or  salable  resources.  A  moderate  amount  of  data  is  available  on 
geothermal  resources.  Consequently,  the  level  of  confidence  of  many  of  the 
land  classifications  is  low. 

There  is  a  small  gold  district  north  of  the  King  Hill  Creek  WSA  but  other- 
wise there  are   virtually  no  known  metallic  mineral  occurrences  in  the  area. 
Diatomite  deposits  are  present  in  the  Gooding  and  City  of  Rocks  WSAs  and  may 
be  present  in  other  areas.  These  deposits  are  presently  being  evaluated  by 
private  industry.  There  are  six  warm  or  hot  springs  in  the  area  and  several 


WSAs,  particularly  King  Hills  Creek  WSA,  are  in  potential  geothermal 
resource  areas.  One  dry  oil  and  gas  well  was  drilled  west  of  the  GRA  but 
there  are  no  exploration  wells  within  the  GRA. 

The  best  resource  potential  in  the  USAs  is  for  diatomite  deposits  and 
geothermal  resources.  Portions  of  the  Gooding  (54-8a),  City  of  Rocks 
(54-8b),  Deer  Creek  (54-10),  and  King  Hill  Creek  (19-2)  WSAs  have  moderate 
to  high  potential  for  the  occurrence  of  diatomite  deposits.  The  King  Hill 
Creek  (19-2)  WSA  has  high  potential  for  low  temperature  geothermal  resources 
and  moderate  potential  for  high  temperature  geothermal  resources.  The  other 
five  WSAs  have  moderate  to  high  potential  for  low  temperature  geothermal 
resources.  The  potential  for  metallic  minerals,  uranium,  oil  and  gas,  and 
salable  resources  within  the  WSAs  is  considered  low,  however  the  confidence 
in  most  of  these  classifications  is  low. 
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SUMMARY  OF  GEM  RESOURCES  CLASSIFICATION 
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MT.  BENNETT  HILLS  GRA 

1.0  INTRODUCTION 

The  Bureau  of  Land  Management  has  adopted  a  two-phase  procedure  for  the 
integration  of  geological,  energy  and  minerals  (GEM)  resources  data  into  the 
suitable/non-suitable  decision-making  process  for  Wilderness  Study  Area 
(WSAs).  The  objective  of  Phase  I  is  the  evaluation  of  existing  data,  both 
published  and  available  unpublished  data,  for  interpretation  of  the  GEM 
resources  potential  of  the  WSAs.  Wilderness  Study  Areas  are  grouped  into 
areas  based  on  geologic  environment  and  mineral  resources  for  initial 
evaluation.  These  areas  are  referred  to  as  Geology,  Energy,  Mineral 
Resource  Areas  (GRAs). 

The  delineation  of  the  GRAs  is  based  on  three  criteria:  (1)  a  1:250,000 
scale  map  of  each  GRA  shall  be  no  greater  than  8£  x  11  inches:  (2)  a  GRA 
boundary  will  not  cut  across  a  Wilderness  Study  Area;  and  (3)  the  geologic 
environment  and  mineral  occurrences.  The  data  for  each  GRA  is  collected, 
compiled,  and  evaluated  and  a  report  prepared  for  each  GRA.  Each  WSA  in  the 
GRA  is  then  classified  according  to  GEM  resources  favorabil ity.  The  classi- 
fication system  and  report  format  are  specified  by  the  BLM  to  maintain  con- 
tinuity between  regions. 


This  report  is  prepared  for  the  Bureau  of  Land  Management  under  contract 
number  YA-553-CT2-1039.  The  contract  covers  GEM  Region  2;  Northern  Rocky 
Mountains  (Fig.  1).  The  Region  includes  50  BLM  Wilderness  Study  Areas 
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totalling  583,182  acres.  The  WSAs  were  grouped  into  22  GRAs  for  purposes  of 
the  Phase  I  GEM  resources  evaluation. 

1.1  Location 

The  Mt.  Bennett  Hills  GRA  is  located  in  Elmore,  Camas  and  Gooding  Counties 
in  south-central  Idaho  (Fig.  2).  The  GRA  is  in  the  Hailey  NTMS  Quadrangle 
within  Ts.2-4S.,  Rs.9-15E.  and  it  covers  approximately  1,540  square  miles. 
The  Mt.  Bennett  Hills  GRA  includes  six  BLM  Wilderness  Study  Areas  (WSAs) 
totalling  58,578  acres:   (1)  Little  City  of  Rocks  (54-5)  -  5,875  acres,  (2) 
Black  Canyon  (54-6)  -  10,371  acres,  (3)  Gooding  (54-8a)  -  14,743  acres,  (4) 
City  of  Rocks  (54-86)  -  6,287  acres,  (5)  Deer  Creek  (54-10)  -  7,487  acres, 
and  (6)  King  Hill  Creek  (19-2)  23,815  acres.  The  King  Hill  Creek  WSA  (19-2) 
is  in  the  Cascade  Resource  Area  of  the  Boise  BLM  district  and  the  other  five 
WSAs  are  within  the  Bennett  Hills  Resource  Area  of  the  Shoshone  BLM 
district. 

1.2  Population  and  Infrastructure 

There  are  no  towns  within  the  Mt.  Bennett  Hills  GRA.  The  closest  towns, 
Fairfield  and  Gooding,  are  just  north  and  south,  respectively,  of  the  GRA. 
Mountain  Home,  Idaho  is  located  12  miles  west  of  the  GRA.  Idaho  State 
Highway  46  traverses  the  eastern  edge  of  the  GRA.  In  addition,  Idaho  State 
Highway  68  is  about  five  miles  north  of  the  GRA  and  U.S.  Highway  26  is  about 
five  miles  south  of  the  GRA.  Gravel  and  dirt  roads  cross  much  of  the  area 
and  follow  many  of  the  stream  valleys. 
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1.3  Basis  of  the  Report 

This  report  is  based  on  a  compilation,  review,  and  analysis  of  available 
published  and  unpublished  data  on  the  geology,  energy,  and  mineral  resources 
of  the  fit.  Bennett  Hills  GRA.  The  major  sources  of  data  were  published 
geologic  maps  by  the  U.S.  Geological  Survey,  university  theses,  and  mineral 
and  energy  compilations  by  the  Idaho  Bureau  of  Mines.  The  data  was  compiled 
and  reviewed  by  WGM  project  personnel  and  the  Panel  of  Experts  to  produce 
the  resource  evaluation  which  comprises  this  report.  Personnel  are  as 
follows: 

Greg  Fernette,  Senior  Geologist,  WGM  Inc.     Project  Manager 

C.G.  Bigelow,  President,  WGM  Inc.  Chairman,  Panel  of  Experts 

Joel  Stratman,  Geologist,  WGM  Inc.  Project  Geologist 

Jami  Fernette,  Land  and  Environmental        Claims  and  Lease  Compilation 
Coordinator,  WGM  Inc. 

Panel  of  Experts 

C.G.  Bigelow,  President,  WGM  Inc.  Regional  geology,  metallic 

and  non-metallic  minerals, 
mineral  economics. 

R.S.  Fredericksen,  Senior  Geologist,  WGM     Regional  geology,  metallic 
Inc.  minerals. 

David  Blackwell,  Ph.D.,  Professor  of        Geothermal . 
Geophysics,  Southern  Methodist  University 

Jason  Bressler,  Senior  Geologist,  WGM  Inc.    Regional  geology,  metallic 

mineral s„ 

Gary  Webster,  Ph.D.,  Chairman,  Department    Oil  and  gas. 
of  Geology,  Washington  State  University 

William  Jones,  Senior  Geologist,  WGM  Inc.    Metallic  minerals,  coal, 

industrial  minerals. 


J.F.  McOuat,  President,  Watts,  Griffis  &  Mineral  economics,  and 

McOuat  Ltd.  industrial  minerals. 

E.F.  Evoy,  Senior  Geologist,  Watts,  Uranium  and  thorium. 
Griffis  &  McOuat  Ltd. 
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2.0  GEOLOGY 

2.1  Introduction 

The  bedrock  underlying  the  Mt.  Bennett  Hills  GRA  consists  mainly  of  Cenozoic 
(65  m.y.  to  present)  volcanics  (Figs.  3  and  4).  The  volcanics  overlie 
Cretaceous  (141-65  m.y.)  intrusives  belonging  to  the  Idaho  batholith.  The 
area  is  located  on  the  northern  edge  of  the  Snake  River  Plain,  but  it 
includes  tectonic  elements  characteristic  of  both  the  Snake  River  Plain  and 
the  Idaho  batholith.  Geologic  mapping  in  the  area  includes  work  by  Malde 
and  Powers  (1972),  Malde  et  al.  (1963),  Walton  (1962)  and  Stearns  et  al . 
(1938)  of  the  U.S.  Geological  Survey  and  theses  by  Smith  (1966),  and  Schmidt 
(1960).  The  geology  of  the  entire  area  was  compiled  at  1:250,000  scale  by 
Rember  and  Bennett  (1979). 

2.2  Physiography 

The  Mt.  Bennett  Hills  GRA  is  in  the  Columbia  Plateau-Snake  River  Plain 
physiographic  province  (Fig.  5;  Hunt,  1974).  The  dominant  physiographic 
feature  in  the  area,  the  Mt.  Bennett  Hills,  form  an  east-west-trending  range 
of  rounded  hills  which  rise  1,500  to  1,800  feet  above  the  surrounding 
lowlands  (Fig.  2).  The  hills  slope  to  the  south  and  have  a  steep, 
structurally  controlled  (Smith,  1966)  northern  slope.  Streams  in  the 
northern  part  of  the  GRA  drain  eastward  along  Camas  Prairie.  Most  of  the 
drainage,  however,  is  southeast  along  a  partially  structurally  controlled 
dendritic  drainage  system. 
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2.3  Rock  Units 


The  oldest  rocks  exposed  in  the  Mt.  Bennett  Hills  GRA  are  plutonic  rocks 
belonging  to  the  Idaho  batholith  (Fig.  3).  These  rocks  crop  out  in  the 
northeastern  part  of  the  GRA  and  in  the  north-central  part  of  the  GRA.  The 
rocks  in  the  northeast  outcrop  area  are  deeply  weathered  pinkish-tan,  weakly 
porphyritic,  biotite  granite  (Smith,  1966).  The  granite  is  sheared  and 
fractured.  Gouge  is  developed  along  the  shears  and  bleaching  and  clay 
alteration  along  the  shear  margins.  Most  of  the  fractures  are  limonite 
stained  and  some  contain  quartz  veinlets.  Smith  observed  no  sulfide 
minerals.  The  north-central  outcrop  area  includes  the  Volcano  gold  mining 
district  described  by  Allen  (1940,  1952)  and  is  underlain  by  predominantly 
coarse-grained,  gray  to  white,  quartz  monzonite  that  is  somewhat  porphyri- 
tic. Numerous  aplite  and  granophyre  dikes  intrude  the  quartz  monzonite. 
The  plutonic  rocks  in  the  Mt.  Bennett  Hills  GRA  are  probably  part  of  the 
Atlanta  lobe  of  the  Idaho  batholith  and  were  emplaced  75  to  100  m.y.  ago 
(Armstrong  et  al . ,  1977).  The  aplite  and  granophyre  dikes  are  probably 
Tertiary  (65-2  m.y.)  age  (Allen,  1952).  Regional  structural  evidence 
suggests  that  batholith  extends  to  the  south  beneath  the  overlying  Cenozoic 
volcanic  rocks  (Taubeneck,  1971).  The  plutonic  rocks  are  unconformably 
overlain  by  Cenozoic  volcanic  rocks,  including  the  Challis  volcanics,  the 
Banbury  Basalt,  and  the  Idavada  Volcanics. 

The  Challis  Volcanics  crop  out  on  the  north  flank  of  the  Mt.  Bennett  Hills 
(Fig.  3).  These  rocks  are  part  of  an  extensive  Cenozoic  field  in  central 
Idaho  (Siems  and  Jones,  1977).  Within  the  Mt.  Bennett  Hills  GRA  the  Challis 
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Volcanics  consist  almost  entirely  of  hornblende  latite  and  hornblende 
andesite  lava  flows  (Smith,  1966).  The  lavas  are  brown,  purple  and  green, 
and  they  form  knobby,  low  outcrops.  Welded  tuff  and  volcanic  breccia  occur 
locally.  Smith  reports  the  occurrence  of  petrified  wood  in  a  few  locales. 
The  Challis  Volcanics  are  Eocene  (51  to  45  m.y.)  in  age  (Protska  et  al . , 
1977)  and  may  represent  the  early  ejecta  above  the  magma  chambers  which 
formed  Tertiary  plutons  (Bennett,  1980). 

The  Idavada  Group  of  volcanics  unconformably  overlie  the  Challis  Volcanics 
and  the  plutonic  rocks  of  the  Idaho  batholith.  This  group  is  composed  of 
about  1,500  feet  of  dacitic,  latitic  and  rhyolitic  ignimbrites,  basalts  and 
arkosic  gravels  (Smith,  1966;  Malde  and  Powers,  1962).  The  unit  has  been 
described  in  detail  by  Smith  (1966)  who  recognized  ten,  interbedded, 
lenticular  mappable  units  (formations),  six  of  which  are  used  by  Rember  and 
Bennett  (1979)  in  their  regional  compilation.  These  six  formations  are: 
(1)  the  Gwin  Spring  Formation,  (2)  the  Hash  Spring  Formation,  (3)  the  Fir 
Grove  Tuff,  (4)  the  McHan  Basalt,  (5)  the  City  of  Rocks  Tuff,  and  (6)  the 
Burnt  Willow  Basalt,  Paleontologic  and  stratigraphic  evidence  indicate  that 
the  Idavada  volcanics  are  early  Pliocene  (6-4  m.y.)  in  age  (Malde  and 
Powers,  1962:  Axel  rod,  1964). 

The  lowest  unit  in  the  Idavada  Group  is  the  Gwin  Spring  Formation.  It 
consists  of  two  ignimbrite  flows  ranging  from  0  to  400  feet  thick.  The 
ignimbrites  are  composed  of  latitic  vitric-crystal  welded  tuffs,  with  well 
developed  basal  zones  of  welded  vitrophyre.  Oligoclase  and  pyroxene  are  the 
most  common  phenocrysts  (Smith,  1966). 
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The  Hash  Spring  Formation  overlies  the  Gwin  Spring  ignimbrites.  The  contact 
is  generally  conformable  or  slightly  unconformable.  The  Hash  Spring 
averages  175  to  200  feet  in  thickness.  The  unit  is  an  extensive  sheet  of 
interbedded  arkosic  gravels,  waterlain  ash  and  ash-breccia.  The  rocks  are 
predominantly  of  fluvial  origin.  The  clasts  in  the  gravel  are   composed 
mainly  of  volcanic  and  plutonic  igneous  rocks.  The  ash  units  are   composed 
of  white  to  buff,  fine-  to  coarse-grained,  vitric-crystal  ash  with  variable 
amounts  of  granitic  clastic  debris  (Smith,  1966). 

The  Fir  Grove  Tuff  overlies  the  Hash  Spring  and  Gwin  Spring  Formations  and 
outcrops  in  the  northeast  part  of  the  Mt.  Bennett  Hills  GRA.  It  ranges  from 
0  to  over  650  feet  in  thickness  and  averages  about  175  feet  thick  (Smith, 
1966).  The  unit  is  composed  of  a  compound  cooling  unit  (Smith,  1960)  of  two 
or  more  ignimbrite  sheets  of  latitic  vitric-crystal  to  vitric  composition. 
The  Fir  Grove  is  compositional ly  and  texturally  similar  to  the  Gwin  Spring 
Formation  but  has  a  less  pronounced  basal  glassy  zone  (Smith,  1966). 

The  McHan  Basalt  is  a  sequence  of  several  flows  which  conformably  overlie 
the  Fir  Grove  Tuff  and  Hash  Spring  Formation.  The  flows  have  a  total  thick- 
ness ranging  from  0  to  280  feet  and  averaging  50  to  150  feet.  The  unit  is 
composed  of  blue-gray  porphyritic  olivine  basalt  with  diktytaxitic  and 
glomeroporphyritic  textures,  Plagioclase  and  olivine  phenocrysts  are 
abundant.  The  basalts  are  often  vesicular  particularly  near  the  tops  of 
flows.  The  bottoms  of  the  flows  are  locally  auto-brecciated  (Smith,  1966), 

The  McHan  Basalt  and  other  older  units,  including  the  Challis  Volcanics  are 
unconformably  overlain  by  a  single  dacitic  crystal  welded  tuff  unit  named 
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the  City  of  Rocks  Tuff.  The  formation  consists  of  a  basal  vitrophyre  zone 
and  a  thick  welded  zone  which  averages  175  feet  in  thickness.  The  tuff 
forms  distinctive  outcrops  of  large,  rounded  monoliths  bounded  by  joints. 
The  columns  are  deeply  weathered  at  the  base,  resulting  in  a  distinctive 
pedestal  shape.  The  rock  is  a  purple-gray  dacite  with  abundant  white 
plagioclase  phenocrysts,  and  pronounced  eutaxitic  structure.  The  basal  zone 
is  composed  of  columnar  jointed  porphyritic  vitrophyre.  The  upper  dacitic 
portion  of  the  unit  displays  good  lamination  and  is  generally  folded  (Smith, 
1966). 

The  Burnt  Willow  Basalt  comprises  several  basalt  flows  which  unconformably 
overlie  the  McHan  Basalt  and  other  older  units.  The  basalts  range  from  0  to 
210  feet  in  aggregate  thickness  and  average  3.0  feet  thick.  Lithological  ly 
the  Burnt  Willow  Formation  is  similar  .to  the  McHan.  It  is  composed  of 
vesicular,  porphyritic,  olivine  basalt  with  diktytaxitic  and  glomero- 
prophyritic  textures.  However  it  is  much  less  weathered  than  the  McHan 
Basalt  (Smith,  1966). 

The  Idavada  volcanics  are  unconformably  overlain  by  the  Idaho  Group  which 
consists  of  (1)  the  Banbury  Basalt,  (2)  the  Glenns  Ferry  Formation,  and  (3) 
the  Bruneau  Formation  (Malde  and  Powers,  1962).  The  Banbury  Basalt  consists 
of  a  sequence  of  lava  flows  locally  interbedded  with  stream  and  lake  sedi- 
ments. The  unit  ranges  from  650  to  1,000  feet  in  thickness  and  is  mid- 
Pliocene  in  age.  The  flows  are  composed  of  olivine  basalt  and  lesser 
porphyritic,  plagioclase-ol ivine  basalt.  Individual  flows  have  a  columnar 
and  vesicular  texture  and  are  15  to  50  feet  thick.  The  interbdded  sediments 
are  largely  brown  sand  and  pebble  gravel  in  lenticular  stream  channel 
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deposits.  Lake  sediments,  principally  silt,  clay  and  diatomite  are  also 
present  (Malde  and  Powers,  1972).  Some  of  the  diatomite  deposits  are 
currently  being  evaluated  for  industrial  use  by  private  industry  (Treco 
Industries,  1974;  L.  Dee  pers.  comm. ,  1982). 

The  Banbury  Basalt  is  unconformably  overlain  by  the  Glenns  Ferry  Formation 
comprising  a  basin  fill  unit  of  poorly  consolidated  sediments  and  inter- 
calated basalt  flows  (Malde  and  Powers,  1962).  The  unit  totals  about  2,000 
feet  in  thickness.  It  is  upper  Pliocene  to  lower  Pleistocene  (2-0.1  m.y.) 
in  age  based  on  K-Ar  dating  (Evernden  et  al . ,  1964).  The  lake  and  stream 
sediments  exhibit  abrupt  lateral  facies  changes  (Malde  and  Powers,  1972). 
The  principal  facies  are  banded  silt,  evenly  bedded  sand  to  sandstone,  thin 
bedded  dark  clay,  silt  and  carbonaceous  shale,  ripple  marked  sand  and  silt, 
granitic  sand  and  gravel,  and  quartzitic  gravel.  Malde  and  Powers  (1972) 
recognize  five  lava  flows  intertongued  with  the  sediments.  These  are 
subareal  flows,  50  to  100  feet  thick,  composed  of  olivine-plagioclase 
basalt  with  common  basal  units  of  palagonitized  basaltic  ash. 

The  youngest  volcanic  unit  exposed  in  the  Mt.  Bennett  Hills  GRA  is  the 
middle  Pleistocene  Bruneau  Formation.  The  Bruneau  is  a  canyon  fill  unit 
composed  of  consolidated  sediments  and  basaltic  lava  flows  which 
unconformabl ie  overlie  the  Glenns  Ferry  Formation  (Malde  and  Powers,  1972). 
The  sedimentary  material  consists  mainly  of  light  colored  clay,  silt  and 
diatomite  with  minor  alluvial  sand  and  gravel.  At  least  five  basalt  flow 
sequences  are  interlayered  with  the  sediments.  These  are  composed  of 
porphyritic  to  aphanitic,  fine-  to  medium-grained,  plagioclase-ol ivine 
basalt  (Smith,  1966).  The  flows  range  from  25  to  75  feet  in  thickness  and 
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are  generally  basaltic  in  composition  but  locally  are  more  alkalic  (Powers, 
1960).  Mammalian  fossils  are  common  in  the  sediments  (Malde  and  Powers, 
1962)  and  together  with  K-Ar  dates  can  be  used  to  define  the  stratigraphy  in 
detail  (Evernden  et  al . ,  1964). 

Holocene  (  O.lm.y.  to  present)  stream  alluvium,  pediment  gravel  and  land- 
slide debris  comprise  the  major  surficial  deposits  present  in  the  Mt. 
Bennett  Hills  GRA. 

2.4  Structural  Geology  and  Tectonics 

The  Mt.  Bennett  Hills  GRA  is  located  on  the  northern  edge  of  the  Snake  River 
Plain  in  an  area  where  the  Cenozoic  volcanic  rocks  overlap  the  Idaho 
batholith  (Taubeneck,  1971).  The  area  is  a  complexly-faulted,  southeasterly 
dipping  horst  bounded  by  the  Camas  Prairie  graben  on  the  north  (Walton, 
1962)  and  the  Snake  River  Plain  downwarp  to  the  south  (Smith,  1966). 
Gravity  data  (Bonini  and  Lavin,  1957,  Mabey,  1976)  and  regional  geologic 
studies  (Malde  et  al . ,  1963)  indicate  an  east-west  trending  zone  of  high 
angle  faulting  with  apparent  displacements  of  up  to  9,0C0  feet  along  the 
margin  of  the  Snake  River  Plain  (Malde,  1959,  1965).  Ray  trace  modelling  of 
seismic  data  from  the  northwest  margin  of  the  eastern  Snake  River  Plain 
(Sparlin  et  al . ,  1982)  confirm  this  interpretation. 

The  predominant  structural  features  in  the  Mt.  Bennett  Hills  area  are 
steeply  dipping,  dip-slip,  normal  faults  (Smith,  1966).  These  fall  into  two 
roughly  conjugate  sets  trending  N40-70W  and  N70-90W.  The  faults  dip 
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steeply;  75  to  90°.  The  northwest  trending  faults  have  the  greater  dis- 
placement; downward  to  the  northwest.  The  normal  faulting  was  active 
throughout  Cenozoic  time  and  greatly  influenced  the  distribution  of  the 
volcanic  units  (Malde  and  Powers,  1972;  Smith,  1966). 

Thrust  faulting  and  folding  which  characterize  the  ranges  to  the  north  are 
absent  in  the  Mt.  Bennett  Hills.  Folding  is  reported  in  the  City  of  Rocks 
Tuff  but  it  is  probably  a  flow  phenomenon  (Smith,  1966). 

2.5  Paleontology 

The  majority  of  the  rocks  in  the  Mt.  Bennett  Hills  GRA  are  unfossil iferous. 
Beds  of  diatomite  are  reported  in  the  Banbury  Basalt  and  the  Bruneau 
Formation  (Malde  and  Powers,  1972 ) »  Fossil  mammals,  including  Mammuthus, 
Gigantocamelus,  Equus,  Sangamona,  and  Odocoileous,  occur  in  lake  and  stream 
sediments  within  the  Bruneau  Formation  (Evernden  et  al.,  1964;  Malde  and 
Powers,  1962).  These  fossils  are  important  indices  in  North  American 
mammalian  chronology  (Malde  and  Powers,  1972).  The  Bruneau  Formation  does 
not  outcrop  within  any  of  the  WSAs  in  the  Mt.  Bennett  Hills  GRA. 

2.6  Historical  Geology 

The  Cenozoic  volcanic  rocks  which  underly  most  of  the  Mt.  Bennett  Hills  GRA 
were  deposited  over  the  Atlanta  Lobe  of  the  Idaho  batholith  (Taubeneck, 
1971).  K-Ar  dates  from  the  Idaho  batholith  indicate  that  the  bulk  of  the 
pluton  was  emplaced  75  to  100  m.y.  ago  (McDowell  and  Kulp,  1969;  Armstrong 
et  al.,  1977).  Most  K-Ar  dates  have  been  reset  to  the  50  to  40  m.y.  range 
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(Armstrong  et  al . ,  1977,  Hyndman  et  al . ,  1975)  due  to  a  regional  metamorphic 
event  (Williams,  1977)  or  by  hydrothermal  alteration  associated  with  the 
emplacement  of  early  Tertiary  plutons  during  the  Chal 1 is-Lowland  Creek 
volcanic  events  (Bennett,  1980).  The  batholith  was  emplaced  into  basement 
orthogneiss  and  metamorphosed  Precambrian  sediments  (Hyndman,  1978). 

The  Chal lis  volcanics  were  erupted  over  a  rugged  elevated  topography  (Smith, 
1966)  from  about  51  to  45  m.y.  ago  (Skipp,  1981).  Minor  volcanism  and 
intrusive  activity  continued  during  this  epoch  until  about  40  m.y.  ago 
(Protska  et  al . ,  1977).  Normal  and  strike-slip  faulting  preceeded  and 
accompanied  volcanism  (Skipp,  1981).  Many  mineral  deposits  in  the  region 
formed  above  or  adjacent  to  these  Tertiary  plutons  (Bennett,  1980). 

After  a  relatively  tectonically  inactive  period  during  Oligocene  (38-23 
m.y.)  and  early  Miocene  (23-6  m.y.),  major  basin-and-range  extension  fault- 
ing commenced  about  17  m.y.  ago.  Eastward  tilting  of  the  uplifted  fault 
blocks  along  moderately  dipping  normal  faults  located  on  their  west  flank 
formed  the  narrow,  linear  north-  to  northwest-trending  mountain  ranges 
located  to  the  north  of  the  Mt.  Bennett  Hills  GRA  (Skipp,  1981).  South  of 
the  GRA,  the  downwarp  of  the  Snake  River  Plain  began  about  15  m.y.  year  ago 
(Armstrong  et  al . ,  1975,  1980). 

Extensive  silicic  volcanism  and  extrusion  of  ignimbrite  sheets  onto  a  block- 
faulted  topography  by  late  Miocene  or  early  Pliocene  formed  the  Idavada 
Group  (Smith,  1966;  Malde  and  Powers,  1972).  These  rocks  are  broadly 
correlative  with  Miocene-Pliocene  ash-flow  shets  buried  under  the  Holocene 
Basalts  in  the  eastern  Snake  River  Plain  (McBroome  et  a"l .  ,  1981).  The 


20 


Idavada  volcam'cs  were  deposited  in  the  latter  stages  of  the  dominantly 
silicic  caldera  volcanism  which  characterized  the  early  development  of  the 
Snake  River  Plain  (Protska,  1979). 

Basaltic  volcanism  predominated  beginning  in  the  mid-Pliocene  with  deposi- 
tion of  the  Banbury  Basalt  and  the  Glenns  Ferry  Formation.  Block-faulting 
continued  during  this  time  with  deposition  of  lake  and  stream  sediments 
between  volcanic  episodes.  Block-faulting  largely  terminated  by  the  end  of 
the  Pliocene  (Smith,  1966).  Broad  valley  erosion  and  lake  sedimentation 
with  sporadic  basaltic  volcanism  confined  through  the  Pleistocene  with 
deposition  of  the  Bruneau  Formation  (Evernden  et  al . ,  1964).  The  area  was 
gradually  uplifted  and  erosion  resulted  in  the  deposition  of  pediment,  talus 
and  alluvial  sediments  during  late  Pleistocene  and  Holocene  time  (Malde  and 
Powers,  1972). 
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3.0  MINERAL  AND  ENERGY  RESOURCES 


3.1  Introduction 


Data  on  the  mineral  and  energy  resources  of  the  Mt.  Bennett  Hills  GRA  was 
compiled  from  all  available  sources.  Information  on  mineral  resource 
occurrences  was  obtained  from  the  U.S.  Geological  Survey  CRIB  File,  the  U.S. 
Bureau  of  Mines  MILS  File,  and  Hustedde  et  al .  (1981).  Detailed  descrip- 
tions of  mineral  deposits  in  the  GRA  include  Allen  (1940,  1952),  Treco 
Industries  Inc.  (1974),  and  L.  Dee  (pers.  comm. ,  1982).  Energy  resource 
data  on  the  GRA  includes  Breckenridge  (1982),  Ross  (1971),  Mitchell  et  al . 
(1980),  Sammel  (1979),  Arney  (1982)  and  Moreland  (1976).  In  addition,  oil 
and  gas  well  locations  and  data  is  kept  on  file  at  the  Idaho  Oil  and  Gas 
Conservation  Commission.  The  U.S.  Department  of  Energy  has  conducted  a 
hydrogeochemical  and  stream  sediment  reconnaissance  of  the  Hailey  and 
Challis  Quadrangles  (U.S.  Dept.  of  Energy,  1982).  However  only  the  basic 
data  has  been  released  and  it  is  not  in  a  form  that  could  be  used  in  this 
assessment. 

3.2  Known  Mineral  and  Energy  Deposits 

The  only  known  metallic  mineral  deposits  in  the  Mt.  Bennett  Hills  GRA  are  in 
the  Volcano  district  in  the  northwest  part  of  the  GRA  (Iocs.  1-10,  Fig.  6, 
Table  I).  These  deposits  are  hosted  by  quartz  monzonite  belonging  to  the 
Idaho  batholith.  The  batholith  has  been  intruded  by  numerous  aplite  and 
granophyre  dikes  (Allen,  1940)  which  are  probably  Tertiary  in  age  (Allen, 
1952).  There  are  at  least  10  mines  and  prospects  in  the  district  (Fig.  7, 
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TABLE    I 


MINERAL  DEPOSITS  AND 

OCCURRENCES  IN  THE 

MT.  BENNETT  HILLS  GRA 

Map  No. 

Name 

Commodity 

Reference 

1 

Old  Glory  Mine 

Au-Ag-Pb-Zn-Cu 

Allen  (1940, 

1952) 

2 

Jacobs  Mine 

Au-Ag-Pb-Zn-Cu 

Allen  (1940, 

1952) 

3 

Volcano  Mine 

Au-Ag-Pb-Zn-Cu 

Allen  (1940, 

1952) 

4 

Index  Mine 

Au-Ag-Pb-Zn-Cu 

Allen  (1940, 

1952) 

5 

Holly  Mine 

Au-Ag-Pb-Zn-Cu 

Allen  (1940, 

1952) 

6 

Ajax  Mine 

Au-Ag-Pb-Zn-Cu 

Allen  (1940, 

1952) 

7 

Revenue  Mine 

Au-Ag-Pb-Zn-Cu 

Allen  (1940, 

1952) 

8 

Bowerman  Mine 

Au-Ag-Pb-Zn-Cu 

Allen  (1940, 

1952) 

9 

Unnamed 

Au-Ag-Pb-Zn-Cu 

Allen  (1940, 

1952) 

10 

Unnamed 

Au-Ag-Pb-Zn-Cu 

Allen  (1940, 

1952) 

11 

Clark 

Pb 

MILS  (1982) 

12 

Unnamed 

Gem  opal 

Williams  (1964) 

13 

Unnamed 

Diatomite 

Powers  (1947) 

14 

Clover  Creek 

Diatomite 

Treco  Indust 
(1974) 
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Table  I).  The  deposits  consist  of  networks  of  small  quartz  veins  and 
stringers  along  complex  fracture  zones  cutting  quartz  monzonite,  aplite  and 
granophyre.  Individual  mineralized  veins  average  three  to  six  inches  in 
width  and  frequently  occur  in  parallel  groups  enclosed  in  altered  wallrock. 
The  veins  generally  do  not  exceed  100  feet  in  length.  The  largest  deposit 
mined  was  the  Revenue  vein  which  was  eight  to  fifteen  feet  wide  and  1,000 
feet  long.  The  veins  consist  of  quartz  with  lesser  calcite  and  contain 
small  amounts  of  galena,  sphalerite,  chalcopyrite  and  pyrite.  The  deposits 
were  mined  for  gold,  but  production  figures  are  unknown.  The  gold  occurs  as 
microscopic  granules  and  veinlets  in  quartz  combs  and  druses.  The  vein 
systems  trend  N70E  and  dip  55  to  90°  to  the  north  parallel  to  the  two  major 
faults  which  cut  the  district  (Allen,  1940).  Sericite-quartz-epidote 
hydrothermal  alteration  is  irreguarly  developed  within  and  adjacent  to  the 
shear-vein  systems.  Sil icification  is  often  present  adjacent  to  individual 
veins  (Allen,  1952). 

Extensive  deposits  of  diatomite  are  present  in  the  east-central  part  of  the 
Mt.  Bennett  Hills  GRA  including  part  of  the  Gooding  WSA  (loc.  14,  Fig.  6). 
This  deposit,  the  Clover  Creek  deposit,  has  been  evaluated  in  recent  years 
by  private  industry  (TREC0  Industries,  Inc.,  1974;  L.  Dee  pers.  comm. , 
1982).  No  description  of  the  deposits  or  sample  data  are  available.  The 
deposits  are  underlain  by  the  Banbury  Basalt  as  mapped  by  Malde  and  Powers 
(1972)  and  Smith  (1966) „  It  is  likely  that  the  diatomite  occurs  in  the 
sedimentary  portion  of  the  Banbury.  Diatomite  reserves  in  the  deposits  are 
estimated  to  be  at  least  680  million  dry  short  tons  with  an  additional  376 
million  dry  short  tons  classed  as  probable  reserves.  Potentially  an 
additional  438  million  dry  short  tons  is  also  present.  Another  diatomite 
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deposit  (loc.  13,  Fig.  6,  Table  I)  is  located  near  the  southern  boundary  of 
the  GRA  in  an  area  underlain  by  the  Banbury  Basalt.  The  deposit  consists  of 
a  two-foot  thick  bed  of  diatomite  and  interbedded  sediments  between  basalt 
flows.  Reportedly,  the  deposit  was  mined  in  1936  (Powers,  1947). 

A  number  of  diatomite  deposits  in  the  region  (Fig.  8)  were  sampled  by  Powers 
(1947)  whose  data  is  summarized  in  Table  II.  Powers  concluded  that  most  of 
the  deposits  with  low  proportions  of  impurities  are  suitable  for  normal 
commercial  uses,  e.g.  as  insulation,  absorbants,  fillers,  and  concrete 
admixtures.  Skinner  et  al .  (1944)  evaluated  the  filter  characteristics  of 
three  of  these  deposits  including  the  one  at  locality  13  (Fig.  6)  and  con- 
cluded that  they  were  of  low  value  as  filter  media  which  is  the  highest 
value  use  of  diatomite  (Kadey,  1975).  The  diatomite  at  locality  13,  how- 
ever does  have  excellent  filler  and  absorbant  characteristics  (Sample  No. 
55,  Fig.  8,  Table  II).  No  data  on  diatomite  quality  is  available  from  the 
Clover  Creek  deposit. 

3.3  Known  Mineral  and  Energy  Prospects,  Occurrences,  and  Mineralized  Areas 

There  are  two  other  mineral  occurrences  in  the  Mt.  Bennett  Hills  GRA  in 
addition  to  the  deposits  described  in  the  previous  section.  These  are  a 
lead  occurrence  (loc.  11,  Fig.  6,  Table  I)  located  just  east  of  WSA  19-2 
(MILS,  1982),  and  a  gem  opal  occurrence  (loc  12,  Fig.  6,  Table  I).  No 
description  of  either  occurrence  is  available. 

The  only  known  energy  prospects  or  occurrences  in  the  Mt.  Benett  Hills  GRA 
are  hot  springs  and  thermal  wells,  both  of  which  are  abundant  along  the 


4  2  0 


5  3 


10  MILES 


TWIN      FALLS 


CASSIA 


Index  Map  of  Diatomite  Deposits 


Data  from:  Powers  (194  7). 


%55     Diatomite  Sample  Locality 
with    Sample   Number 


WGM   Inc. 


Mining  and  Geological  Consultants 
Anchorage,   Alaska 


BLM    GEM   RESOURCES     ASSESSMENT 

REGION    2     NORTHERN    ROCKY    MOUNTAINS 


Mount.  Bennett  Hills  GRA, 
Idaho 

Location  of  Diatomite  Samples 


SCALE      I.  500, 000 


DRWN  Br     OSI 


DATE     3/I983 
APR*/D     G.F 


8 


28 


o 


C3 

CO 


s- 

s_ 

O) 

O! 

-a 

4-> 

+-> 

o 

03 

1 — 

t 

1 

o 

■i — 

•1 — 

•i — 

C 

cn~0 

4- 

4- 

. 

-a 

O 

r, 

CU 

E 

CL 

3: 

3 

0J 

c 

4- 

-4-> 

CD 

o 

o 

OO 

03 

S-  -r- 

C 

i- 

O 

r_ 

r~ 

13 

CO 

o 

4-  jc 

.13 

CU 

X 

cu 

I* 

*\ 

i — 

S- 

00 

i_ 

1 — 

co 

I/) 

03 

cu 

>>••- 

O 

•  1— 

• 

• 

CO 

CU 

O) 

•1 — 

1 — 

<_  i — 

CO 

4- 

OJ 

cu 

a; 

CO 

co 

u 

1 — 

o  o 

-O 

rs 

13 

CO 

CO 

Z3 

13 

s_ 

•1 — 

-M    CL 

03 

3 

r— 

r— 

Z5 

^. 

a> 

4- 

u 

o 

o3 

03 

s_ 

i — 

i — 

E 

fO  "D 

i_ 

i— 

> 

> 

i — 

03 

03 

fO 

E 

s_ 

4-    C 

O 

03 

E 

E 

6= 

o 

o 

CO    ro 

*< 

i — 

i — 

E 

cu 

S- 

&- 

(_) 

4- 

•i — 

S- 

E 

03 

03 

s- 

Q£ 

o 

o 

+->    CU 

O) 

=3 

•r- 

•  i — 

o 

c 

c 

s- 

>> 

03    S- 

! 

•  i — 

(_> 

O 

c 

o 

s_ 

00     3 

• 

1 — 

-a 

S_ 

S- 

• 

1 — 

• 

1 — 

• 

4- 

o 

4-> 

-a 

•!— 

cu 

CU 

co 

i —     03 

1 — 

CU 

1 — 

a> 

4-> 

"   X 

0J 

4- 

E 

E 

E 

i—  "i— 

03 

Z3 

03 

=3 

CU 

O 

(/)  •!— 

> 

E 

E 

.03  "O 

i — 

i — 

s- 

03 

4->     E 

o 

+-> 

en 

o 

o 

OJ 

S- 

<T3 

S- 

03 

3 

4- 

C  "O 

s= 

C 

c 

• 

u 

o 

S-    E 

o 

> 

o 

> 

CL 

CO 

03     03 

cu 

OJ 

•i — 

>i 

O 

4- 

4- 

E 

•r— 

XI 

s_ 

1 — 

-C 

+-> 

4- 

4- 

4-     S- 

03 

03 

•i — 

+J 

s-   cu 

, — 

CO 

•!■■ 

o 

O 

CU 

-D 

•i— 

"O 

•i— 

03 

o  +-> 

+-> 

cu 

•I— 

r— 

S-    +J 

O 

-a 

o 

"O 

o 

oo 

to  aj 

•i — 

o 

i — 

03 

4-> 

4-> 

•1 —  1 — 

o 

cu 

o 

a; 

o 

c 

£Z\     S- 

s_ 

X 

o 

zs 

o 

O 

03  t- 

CJ3 

E 

CD 

E 

1— 

=D 

03    C_) 

CD 

LU 

Q.  cr 

^ 

^ 

U-  4- 

CD 


UJ 

X 


>1 

•' 

■3" 

s_ 

+-> 

+j 

• 

CU 

■I— 

4- 

"^f 

-a 

CO 

**N^ 

. — 1 

2 

C 

-Q 

o 

cu 

r— 

ex 

o 

■> — - 

CO 
. — I 


en 


o 

>- 


CO 


^-^ 

ro 

>> 

• 

^: 

-M 

+-> 

o 

■  I— 

4- 

o 

CO 

** — 

i^— 

c: 

JD 

CO 

O) 

i — 

o 



co 


CO 

LU 


el 
U~> 

LU 
h- 
i — t 

c 

I— 

ct 
»— < 
Q 

Li_ 
O 


O 


5- 
13 

a. 


o 
o 


c 

.-3 

—  E 

•«-  o 

E  -*-> 

O  03 

■a  •<- 

cu  o 


03 


CO 

O 


OJ 


cc 


< — 1 

cn 

1 

oo 

CO 

CNJ 

1 

cu 
+-> 

•r— 

> 

o 

N 

-t-> 

>> 

-4-> 

>^ 

CU 

o 

-M 

03    03 

c. 

03 

cz 

03 

1 — 

CO 

C 

=3  i — 

rs 

i — 

rs 

r— 

.G 

Z5 

Z3 

cr  u 

o 

U 

o 

O 

03 

E 

O 

E 

E 

S- 

E 

ri        r\ 

03 

•« 

03 

« 

cu 

•« 

03 

u  cu 

N 

M 

-a 

N 

■i-   4-> 

r— 

-»-> 

i — 

4-> 

•r- 

+-> 

! 

C     •!- 

i^ 

S- 

i — 

S- 

CO 

S- 

| 

03   +-> 

03 

O 

03 

03 

C 

.T3 

03 

CD   O 

E 

3 

E 

3 

o 

Z5 

E 

S_  -i- 

CO 

cr 

oo 

CT 

c_> 

cr 

CO 

o 
+-> 

O  J3 

a> 

cu 

cu 

cu 

>-, 

+-> 

+-> 

+-> 

+-> 

o 

si 

sz 

^z 

jr 

> 

3: 


03 

E 
CU 


CO 

o 


cu 


o 

c 

ro 

l/J 

-C 

3 

CL 

o 

CU 

1/1 

+J 

■1 — 

co 

X3 

CU 

CL 

. 

en 

^t- 

CC 

^r 

E 

o 

cr> 

CTi 

LO 

co 

03 

^z 

OO 

^-                 1              1 

•                      1                 1 

CM                              1                       1 

CO                              I                       1 

S- 

cu 


a» 


03 

ro 


en 


LO 
LO 


03 


03 

Z3 

cr 


O 


co 

CD 


r~»  co 
lo  r-~ 


fO 


N 

+-> 

CU 

S- 

+J 

03 

•1 — 

Z3 

> 

cr 

o 

u 

>9 

co 

LO 

3 

CO 

E 

o  «* 

co  co 


CD  i— < 
LO   CO 


s~ 

CU 

o 

+-> 

c 

•  r- 

•!-■ 

(_> 

E 

■ — 

03 

« 

C_) 

>> 

03 

«N 

i — 

N 

(_) 

+-> 

S- 

&« 

03 

O 

13 

i — i 

cr 

i 

r.        | 

1 

o 

03     O 

O 

c: 

S_     C 

c 

03    CO 

•r-      03 

00 

03 

00 

-C     =5 

CO   _C 

C5 

XI 

r3 

CL    O 

O    CL 

u 

CL 

u 

CU     L0 

r—      0J 

00 

cu 

00 

+->  -1- 

cu  +J 

•r- 

+-1 

•  1 — 

oo  -o 

2:  CO 

"O 

CO 

T3 

CO 
CD 


CTi 


CO 

s- 
cu 

3 

o 


St 

«* 

E   cu 

cn 

03    4-> 

1 — 1 

CU   -r- 

S-   SZ 

O   3 

• 

1) 


T3 
+J 

Q 


29 

WGM  Inc. 


edges  of  the  Mt.  Bennett  Hills.  Surface  temperatures  from  six  thermal 
springs  and  two  warm  water  wells  in  the  GRA  (Table  III,  Fig.  9)  range  from 
27°  to  65°C.  The  aquifers  for  most  of  these  occurrences  are  in  Pliocene 
basalts.  Analyzed  waters  from  White  Arrow  Hot  Springs  (loc.  6,  Table  III, 
Fig.  9)  and  Latty  Hot  Springs  (loc.  8,  Table  III,  Fig.  9)  yielded  silica- 
geothermometer  values  of  135°C  and  137°C,  respectively.  For  wells  in  the 
vicinity  of  the  Mt.  Bennett  Hills  GRA  and  located  outside  of  the  Snake  Plain 
Aquifer,  the  geothermal  gradients  range  from  51°  to  181°C/km,  (2.8°  to 
9.9°F/100  ft.)  and  heat  flow  values  range  from  1.7  to  10.0  cal/cnf  sec. 
(Table  IV).  These  values  are  well  above  average  which  is  typical  for  the 
margin  of  the  Snake  River  Plain.  Several  of  the  thermal  springs  and  wells 
in  the  GRA  are  used  for  space  heating  and  other  domestic  uses. 

3.4  Mining  Claims,  Lease s  and  Material Si t es 

A  review  of  BLM  claims  records  current  to  June  7,  1982  show  a  total  of  98 
unpatented  mining  claims  in  the  Mt.  Bennett  Hills  GRA  (Fig.  10).  The  claims 
are  concentrated  in  two  areas:  (1)  forty-six  claims  in  the  Volcano  mining 
district,  and  (2)  fifty-two  claims  covering  diatomite  deposits  located  in 
the  east-central  part  of  the  GRA  (L.  Dee  pers.  comm. ,  1983).  Parts  of  this 
claim  block  are   within  the  Gooding  and  City  of  Rocks  WSAs. 

About  10/c  of  the  Mt.  Bennett  Hills  GRA  is  covered  by  oil  and  gas  leases 
(Fig.  11).  These  leases  are  in  the  southeast  quadrant  of  the  GRA  and  six 
leases  overlap  the  King  Hill  Creek  USA  (Table  IV). 
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TABLE  V 
OIL  AND  GAS  LEASES  IN  WSAs  IN  THE  MT.  BENNETT  HILLS  GRA,  IDAHO 

WSA    Lease  No.     Owner  of  Record  Date  Issued 

19-2     I  6800     Cities  Service  Oil  Company        11-01-74 

Box  300 
Tulsa,  Oklahoma   74102 

I  6801     Cities  Service  Oil  Company        10-01-75 
Box  300 
Tulsa,  Oklahoma   74102 

I  6802     Cities  Service  Oil  Company        10-01-75 
Box  300 
Tulsa,  Oklahoma   74102 

I  6804     Cities  Service  Oil  Company        11-01-73 
Box  300 
Tulsa,  Oklahoma   74102 

I  6805     Cities  Service  Oil  Company       11-01-73 
Box  300 
Tulsa,  Oklahoma   74102 

I  6808     Cities  Service  Oil  Company        03-01-74 
Box  300 
Tulsa,  Oklahoma   74102 
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There  are  also  geothermal  leases  in  the  southeast  part  of  GRA  but  none 
overlap  the  WSAs  (Fig.  11). 

3.5  Mineral  and  Energy  Deposit  Types 

The  rocks  underlying  most  of  the  fit.  Bennett  Hills  GRA  are  mafic  to  acidic 
volcanics  and  associated  sediments  of  Eocene  to  Pleistocene  age  (Fig.  4). 
These  volcanics  were  extruded  over  terrane  underlain  by  the  Idaho  batholith 
which  was  emplaced  75-100  m.y.  ago  (Armstrong  et  al . ,  1977).  The  batho- 
lithic  rocks,  only  locally  exposed,  are  generally  covered  by  a  thick 
volcanic  sequence  exceeding  several  thousand  feet  in  thickness.  Metallic 
mineral  deposits  which  can  be  expected  in  the  above  setting  are  those 
related  to:  (1)  magmatic  emplacement,  and  (2)  volcanic  extrusion. 

The  Volcano  district  is  typical  of  mineralization  related  to  magmatic 
emplacement.  The  gold-base  metal  veins  and  lodes  of  this  district  are 
localized  along  an  east-trending  shear  zone  in  quartz  monzonite  belonging  to 
the  Idaho  batholith.  The  ore  appears  to  be  associated  with  granophyric 
dikes  which  intrude  the  main  batholith.  These  dikes  are  probably  related  to 
a  later  Tertiary  intrusive  event  rather  than  the  intrusion  of  the  Idaho 
batholith.  Potential  for  this  type  of  mineralization  certainly  exists  else- 
where in  the  Mt.  Bennett  Hills  GRA,  but  no  data  is  available  in  areas  where 
the  batholithic  terrane  is  masked  by  overlying  volcanics. 

As  discussed  in  Section  2.6,  the  Idavada  volcanics  were  deposited  during  the 
latter  stages  of  the  dominately  silicic  volcanism  which  characterized  the 
early  development  of  the  Snake  River  Plain  whereas  the  Idaho  Group  is  more 
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typical  of  the  early  stages  of  basaltic  volcanism  characteristic  of  later 
development  of  the  Snake  River  Plain.  The  absence  of  regional  detailed 
geologic  mapping,  geochemical  data,  or  known  metallic  mineral  occurrences  in 
areas  underlain  by  these  rocks  makes  evaluation  of  their  mineral  potential 
difficult.  The  mineral  potential  of  these  rocks  must  be  evaluated  by 
comparison  of  the  tectonic  setting  and  geologic  processes  active  in  the  fit. 
Bennett  Hills  region  to  those  of  similar  mineralized  areas.  The  gross 
tectonic  setting  of  the  volcanics  within  the  Mt.  Bennett  Hills  GRA  consists 
of  three  geologic  environments:  (1)  rhyolitic  calderas,  (2)  felsic  plugs, 
and  (3)  subareal  basalt  flows. 


The  continuing  sequence  of  extrusion,  block  faulting  and  sedimentation  evi- 
dent in  the  Tertiary  rocks  underlying  the  Mt.  Bennett  Hills  GRA  resembles 
the  resurgent  calderas  described  by  Smith  and  Bailey  (1968).  Mineralizati 
of  several  types,  including  precious  metal-rich  veins  (Lipman  et  al . ,  1976) 
and  massive  sulfide  deposits  (Hodgson  and  Lyden,  1977)  are  associated  with 
caldera  systems.  Descriptions  of  the  acid  volcanic  rocks  within  the  GRA 
(Smith,  1966)  indicate  that  some  hydrothermal  activity  is  associated  with 
the  silicic  volcanics,  but  no  associated  mineralization  is  reported. 
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Although  there  are  no  known  subvolcanic  intrusives  in  the  Mt.  Bennett  Hills 
GRA,  the  tectonic  setting  is  favorable  and  more  detailed  mapping  might 
reveal  some.  In  a  recent  review  of  the  relationship  of  mineral  deposits  and 
tectonic  settings,  Mitchell  and  Garson  (1981)  suggest  that  mineral  deposits 
in  rifted  continental  settings  such  as  the  Snake  River  Plain  are  pre- 
dominately deposits  of  tin,  uranium  and  molybdenum  related  to  alkaline 
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intrusives  and  peraluminous  granites.  A  hydrogeochemical  and  stream 
sediment  geochemical  sampling  program  for  uranium  was  conducted  in  the 
Hailey  and  Challis  NTMS  Quadrangles,  including  the  Mt.  Bennett  Hills  GRA,  to 
evaluate  the  uranium  potential  of  the  area  (U.S.  Dept.  of  Energy,  1982). 
Only  the  basic  data  from  this  program;  analytical  results  without  sample 
location  maps,  have  been  released.  As  a  result,  the  data  could  not  be  used 
in  this  study.  Recent  exploration  by  Amax,  Inc.  at  Big  Southern  Butte,  a 
rhyolitic  dome  in  the  eastern  Snake  River  Plain  some  90  miles  west  of  the 
Mt.  Bennett  Hills  GRA,  resulted  in  the  discovery  of  molybdenum  stockwork 
mineralization  in  the  subsurface  (S.  Hamilton  pers.  comm. ,  1982).  Similar 
potential  would  exist  in  the  Mt.  Bennett  Hills  GRA  if  any  subvolcanic 
intrusives  are  present, 

Diatomite  is  a  rock  composed  of  microscopic  porous  shells  of  silica,  the 
remains  of  a  single-celled  aquatic  organism.  The  principal  domestic  use  of 
diatomite  is  as  a  filtering  material  in  water  purification,  food  processing 
and  industrial  fluids.  Other  uses  include  fillers,  mild  abrasives  and 
construction  and  insulating  materials.  Economic  diatomite  deposits  belong 
to  three  classes:  (1)  marine  rocks  that  accumulated  near  continental 
margins,  (2)  non-marine  rocks  that  formed  in  lakes  or  marshes,  and  (3)  sedi- 
ments in  present-day  lakes,  marshes  and  bogs.  The  diatomite  deposits  in  the 
Banbury  basalt  and  Bruneau  Formation  were  deposited  in  lakes;  thus  the 
deposits  belong  to  the  second  class  of  deposits.  Diatomite  deposits  can  be 
prospected  by  geologic  mapping  of  favorable  stratigraphic  sequences*  After, 
diatomite  is  found  in  outcrop,  the  size  of  the  deposit  is  determined  by 
trenching  or  drilling.  The  quality  of  diatomite  in  a  deposit  may  vary 
considerably  from  bed  to  bed;  thus,  careful  sampling  throughout  its 
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thickness  is  necessary  to  establish  quality  and  potential  use  of  the 
material.  As  with  most  industrial  minerals,  the  location  of  a  diatomite 
deposit  with  respect  to  market  is  probably  the  most  important  economic 
factor  in  the  viability  of  a  deposit  (Durham,  1973). 

The  Mt.  Bennett  Hills  GRA  lies  along  the  western  border  of  the  Eastern  Snake 
River  Plain  mostly  within  the  eastern  part  of  the  Western  Snake  River  Plain. 
Forty-three  hydrocarbon  tests  have  been  drilled  in  the  Western  Snake  River 
Plain  since  1907  (Breckenridge,  1982).  Most  were  drilled  northwest  of  Boise 
and  only  five  penetrated  to  depths  greater  than  5,000  feet.  Several  tests 
have  reported  oil  or  gas  shows,  but  they  were  all  plugged  and  abandoned  as 
dry  holes. 

Insufficient  tests  have  been  drilled  in  the  Western  Snake  River  Plain  to 
classify  it  as  a  non-petroleum  province,  but  prospects  are  not  encouraging. 
Hydrocarbon  test  wells  have  penetrated  to  depths  of  11,125  feet  (Brecken- 
ridge, 1982)  in  the  Western  Snake  River  Plain,  but  none  of  them  have 
penetrated  below  Cenozoic  strata.  A  test  drilled  approximately  three  miles 
west  of  the  southwestern  corner  of  the  Mt.  Bennett  Hills  GRA  was  in  a 
sequence  of  tufa,  clays  and  basalt  at  8,500  to  9,000  feet  (Idaho  Oil  and  Gas 
Conservation  Commission  Well  Log  for  Bostic  1-A  dry  hole).  The  Mt.  Bennett 
Hills  GRA  lies  west  of  the  Thrust  belt,  in  a  region  where  the  Idaho 
batholith  dips  beneath  the  volcanics  (Taubeneck,  1971);  thus,  it  is  unlikely 
that  the  structures  or  stratigraphy  of  the  Thrust  belt  region  are  present 
beneath  the  GRA. 
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The  presence  of  lake  beds  within  the  tufa  and  basalt  flows  reported  in  the 
Bostic  1-A  test  could  be  potential  hydrocarbon  source  beds  and  potential 
reservoir  beds  might  occur  in  fractured  or  vuggy  basalt  beds  or  the  few 
sandstones  in  the  sequence  (Idaho  Oil  and  Gas  Conservation  Commission  Well 
Log  for  Bostic  1-A  dry  hole).  Unfortunately,  hydrocarbon  characterization 
and  thermal  maturation  studies  were  apparently  not  made  on  samples  from  the 
Bostic  1-A  test.  The  presence  of  several  volcanic  vents  in  the  GRA,  how- 
ever, decreases  considerably  any  hydrocarbon  potential  within  the  Mt. 
Bennett  Hills  GRA.  The  extent  of  the  metamorphism  surrounding  the  vents 
and  depth  to  the  magmatic  masses  that  the  vents  were  derived  from  are 
unknown.  The  position  of  the  magmatic  masses  can  be  determined  by 
geophysical  studies,  but  the  extent  of  the  metamorphism  can  only  be 
determined  by  drilling. 

In  the  most  recent  geothermal  classification  of  the  United  States  (Muffler, 
1979),  geothermal  resources  were  divided  into  six  categories.  These  are: 

1.  Conduction-dominated  regions 

2.  Igneous-related  geothermal  systems 

3a.  High  temperature  (over  150°C)  hydrothermal  convection  systems 

b.  Intermediate  temperature  (90-150°C)  hydrothermal  convection  systems 

4.  Low  temperature  (less  than  90°C)  hydrothermal  convection  systems 

5.  Geo-pressured  geothermal  energy  systems 

For  the  purposes  of  this  Wilderness  Study  Area  assessment  these  classes  can 
be  reduced  to  two:  (1)  high  temperature  (over  150°C)  hydrotheral  convection 
systems  and  (2)  low/intermediate  temperature  (40-150°C)  hydrothermal 
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convection  systems.  Geo-pressured  geothermal  energy  systems  do  not  exist  in 
the  areas  discussed.  Theoretically  geothermal  resources  exist  everywhere 
because  the  temperature  of  the  earth's  crust  everywhere  increases  with 
depth;  thus,  high  temperatures  are  reached  at  some  depth  below  any  given 
point  on  the  earth's  surface.  At  the  present  time,  and  in  the  foreseeable 
future,  a  naturally  occurring  hot  fluid  coupled  with  sufficiently  porous  and 
permeable  rocks  to  allow  fluid  migration  are  necessary  prerequisites  for 
practical  use  of  geothermal  energy;  thus,  conduction-dominated  and  "magma- 
tap"  geothermal  systems  are  not  included  in  this  evaluation. 

The  Mt.  Bennett  Hills  GRA  is  in  the  Snake  River  Plain  geothermal  province, 
an  area  of  major  volcanic  and  tectonic  activity,  which  has  major  geothermal 
potential.  The  Snake  River  Plain  is  a  large  graben  or  downwarp  where  the 
surface  rhyolitic  rocks  underlying  the  Mt.  Bennett  Hills  are  buried  farther 
south  by  7,000  feet  of  younger  basalts  and  sedimentary  rocks  (Mabey,  1976). 
The  Mt.  Bennett  Hills  area  is  extensively  broken  by  faults  which  cut  all  but 
the  youngest  rock  units.  Most  of  the  exposed  faults  trend  northwest,  but 
major  east-west  faults  with  large  displacement  may  be  buried  along  both  the 
north  and  south  margins  of  the  Mt.  Bennett  Hills.  At  the  present  time,  the 
Mt.  Bennett  Hills  area  does  not  appear  to  be  seismically  active. 

Investigations  by  the  Idaho  Department  of  Water  Resources  (Mitchell,  1976; 
Mitchell  et  al . ,  1980)  have  identified  two  geothermal  resource  areas 
immediately  adjacent  to  the  Mt.  Bennett  Hills  GRA  (Fig.  .12):  (1)  Mt. 
Bennett  Hills  on  the  west,  and  (2)  Camas  Prairie,  an  east-west  fault-bounded 
basin,  on  the  north.  The  Mt.  Bennett  Hills  geothermal  resource  area 
includes  all  of  the  Mountain  Home  Known  Geothermal  Resources  Area  (KGRA) 
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delineated  by  the  U.S.  Geological  Survey  (Sammel,  1979).  Areas  considered 
prospective  for  low  temperature  goethermal  resources  include  most  of  the 
Camas  Prairie  and  the  Western  Snake  River  Plains  (Fig.  12).  Most  of  the 
King  Hill  Creek  WSA  is  in  the  latter  area. 

A  hydrocarbon  test,  the  Bostic  1-A,  drilled  in  the  Mountain  Home  KGRA 
encountered  interbedded  sedimentary  rocks  and  basalts  to  a  depth  of  7,150 
feet  followed  by  interbedded  silicic  volcanic  rocks  and  basalts  to  9,767 
feet  (total  depth).  The  silicic  volcanic  section  in  this  hole  has  been 
downwarped  or  dcwnfaulted  several  thousand  feet  with  respect  to  the  silicic 
volcanic  section  in  the  King  Hill  Creek  WSA  about  10  miles  to  the  east.  The 
bottom  hole  temperature  measured  in  the  Bostic  1-A  was  371°F  (189°C)  at  a 
depth  of  8,898  feet;  thus,  the  mean  gradient  is  about  66°C/km  (3.6°F/100 
ft.).  No  significant  fluid  production  was.  encountered.  .Arney  et  al .  (1981) 
evaluated  the  area  for  its  Hot  Dry  Rock  geothermal  potential  and  rated  it 
highly.  Arney  (1982)  studied  the  mineralogy  of  the  silicic  rocks  and  noted 
evidence  for  at  least  one  episode  of  high  temperature  (200°C)  fluid  flow 
within  the  rock;  therefore,  an  electrical  grade  geothermal  resource  had 
existed  at  some  time  in  the  past. 

Artesian  wells  are  common  along  the  margins  of  the  Mt.  Bennett  Hills 
(Walton,  1972),  but  the  hydrology  of  the  Mt.  Bennett  Hills  is  known  only 
from  a  few  springs.  Ground  water  probably  flows  downslope  toward  the  Camas 
Prairie  to  the  north  and  the  Snake  River  Plains  to  the  south.  Unwelded 
tuffs,  and  joint  systems  in  the  welded  silicic  tuffs,  are  probably  the  major 
shallow  aquifers.  The  many  large  displacement  faults  may  be  conduits  for 
deep  circulation.  The  high  regional  heat  flow  and  geothermal  gradients 
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along  with  the  widespread  occurrence  of  thermal  springs  and  wells  dre   clear 
indications  of  geothermal  resources.  Thus  each  VISA  must  be  carefully 
evaluated.  Without  direct  evidence,  this  evaluation  must  be  preliminary. 
Because  of  the  topographic  pressures  on  ground  water  flow,  the  most 
favorable  location  of  hydrothermal  systems  will  be  along  the  south  ends  of 
the  Little  City  of  Rocks,  Black  Canyon,  Gooding  and  City  of  Rocks  WSA. 
Unless  the  heat  has  been  flushed  deeper  down  gradient  by  rapid  water  flow, 
those  parts  of  the  WSAs  almost  definitely  have  low/moderate  geothermal 
resource  potential  and  they  might  have  high  temperature  geothermal  resource 
potential.  The  higher  elevations  and  probable  thin  young  silicic  volcanic 
section  suggest  that  the  potential  is  lower  in  the  Deer  Creek  WSA.  The  well 
closest  to  the  north  end  of  the  WSA  has  the  lowest  heat  flow  (1.7  cal/cm 
sec.)  and  one  of  the  lowest  gradients.  Although  one  hole  is  certainly  not 
definitive  this  suggests  possible  downslope  transfer  of  heat.  The  proximity 
of  the  King  Hill  Creek  WSA  to  areas  of  demonstrated  low/moderate  and 
possible  high  temperature  geothermal  resources  is  clearly  shown  and  there  is 
e\/ery   geologic  reason  to  expect  that  these  resources  exist  within  the  WSA  as 
well . 

3.6  Mineral  and  Energy  Economics 

At  present,  the  best  mineral  and  energy  exploration  potential  in  the  Mt. 
Bennett  Hills  GRA  is  for  gold,  diatomite,  and  geothermal  energy. 

The  large  gold  price  increases  in  recent  years  have  led  to  a  re-examination 
of  many  gold  mining  districts  and  the  reopening  of  formerly  uneconomic  mines 
(Butterman,  1980).  This  interest  has  extended  into  Idaho  (Bennett  et  al .  , 
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1982)  as  indicated  by  the  active  claims  in  the  Volcano  district.  The  easy 
access  to  the  district  and  ample  water  sources  in  nearby  reservoirs  make 
even  small  deposits  economically  attractive. 

Over  680,000  tons  of  diatomite  were  produced  in  the  United  States  in  1981 
from  mines  in  California,  Nevada,  Oregon  and  Washington  (Meisinger,  1982). 
Domestic  consumption  of  diatomite  in  1981  was  525,000  tons.  Diatomite  is 
one  of  the  few  mineral  commodities  which  the  United  States  exports.  It 
contributed  an  estimated  $33  million  to  our  export  trade  in  1981.  The  price 
of  diatomite  depends  on  its  use  with  filter  grade  diatomite  being  the  high- 
est value  use.  The  value  of  diatomite  in  1981  ranged  from  $110/ton  for 
absorbant  and  abrasive  grades  to  Sl79/ton  for  filter  grade  material.  Like 
all  industrial  minerals  diatomite  is  sensitive  to  transportation  costs. 
Careful  and  relatively  expensive  technical  evaluation  as  well  as  thorough 
market  research  is  required  to  determine  the  economic  feasibility  of  a 
diatomite  deposit  (Kadey,  1975). 

Based  on  present  requirements  for  use  of  hot  fluids  in  electrical  generating 
techniques,  geothermal  systems  with  temperatures  of  less  than  150°C  do  not 
have  significant  potential  for  electrical  exploitation.  These  systems, 
however,  can  have  a  significant  potential  for  low  and  intermediate  tempera- 
ture geothermal  utilization  for  space  heating,  material  processing,  etc.  if 
their  minimum  temperatur  exceeds  40°C.  At  the  lower  end  of  the  spectrum,  as 
the  energy  content  of  the  resource  becomes  less,  or  the  drilling  depth 
necessary  for  exploitation  becomes  greater,  there  is  a  very  ill-defined 
cutoff.  For  example,  shallow  ground  water  temperatures  on  the  order  of 
10-20°C  can  be  used  for  heat  pump  applications,  and  in  some  cases  these  are 
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considered  geothermal  resources.  However,  for  the  purpose  of  this  evalua- 
tion, a  lower  temperature  than  approximately  40°C  is  considered  an  economic 
cutoff  for  a  geothermal  resource.  Another  important  economic  factor  affect- 
ing the  viability  of  a  geothermal  resource  is  the  distance  from  the  source 
to  the  point  of  consumption.  At  lower  temperatures  it  is  not  feasible  to 
consider  long-distance  transportation  of  geothermal  energy  whereas  for 
electrical  grade  resources  long  transportation  distances  are  of  course 
feasible.  The  presence  of  developments  within  and  adjacent  to  the  Mt. 
Bennett  Hills  GRA  would  ensure  that  geothermal  resources,  even  low  tempera- 
ture ones,  would  be  exploited. 
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4.0  LAND  CLASSIFICATION  FOR  GEM  RESOURCES  POTENTIAL 

4.1  Explanation  of  Classification  Scheme 

In  the  following  sections  the  land  in  the  Mt.  Bennett  Hills  GRA  is  classi- 
fied for  geology,  energy  and  mineral  (GEM)  resources  potential.  The 
classification  scheme  used  is  shown  in  Table  VI.  Use  of  this  scheme  is 
specified  in  the  contract  under  which  WGM  prepared  this  report. 

The  evaluation  of  resource  potential  and  integration  into  the  BLM  classifi- 
cation system  has  been  done  using  a  combination  of  simple  subjective  and 
complex  subjective  approaches  (Singer  and  Mosier,  1981)  to  regional  resource 
assessment.  The  simple  subjective  approach  involves  the  evaluation  of 
resources  based  on  the  experience  and  knowledge  of  the  individuals  conduct- 
ing the  evaluations.  The  complex  subjective  method  involves  use  of  rules, 
i.e.  geologic  inference,  based  on  expert  opinion  concerning  the  nature  and 
importance  of  geologic  relationships  associated  with  mineral  and  energy 
deposits  (Singer  and  Mosier,  1981). 

The  GEM  evaluation  is  the  culmination  of  a  series  of  tasks.  The  nature  and 
order  of  the  tasks  was  specified  by  the  BLM,  however  they  constitute  the 
general  approach  by  which  most  resource  evaluations  of  this  type  are 
conducted.  The  sequence  of  work  was:  (1)  data  collection,  (2)  compilation, 
(3)  evaluation,  and  (4)  report  preparation.  No  field  work  was  done  in  the 
Mt.  Bennett  Hills  GRA. 
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Each  USA  is  classified  for  locatable,  leasable,  and  saleable  resources 
potential . 

Locatable  minerals  are  those  which  are  locatable  under  the  General  Mining 
Law  of  1872,  as  amended,  and  the  Placer  Act  of  1870,  as  amended.  Minerals 
which  are  locatable  under  these  acts  include  metals,  ores  of  metals,  non- 
metallic  minerals  such  as  asbestos,  barite,  zeolites,  graphite,  uncommon 
varieties  of  sand,  gravel,  building  stone,  limestone,  dolomite,  pumice, 
pumicite,  clay,  magnesite,  silica  sand,  etc.  (Maley,  1983). 

Leasable  resources  include  those  which  may  be  acquired  under  the  Mineral 
Leasing  Act  of  1920  as  amended  by  the  Acts  of  1927,  1953,  1970,  and  1975. 
Materials  covered  under  this  Act  include:  asphalt,  bitumen,  borates  of 
sodium  and  potassium,  carbonates  of  sodium  and  potassium,  coal,  natural  gas, 
nitrates  of  sodium  and  potassium,  oil,  oil  shale,  phosphate,  silicates  of 
sodium  and  potassium,  sulfates  of  sodium  and  potassium,  geothermal 
resources,  etc.  (Maley,  1983). 

Saleable  resources  include  those  which  may  be  acquired  under  the  Materials 
Act  of  1947  as  amended  by  the  Acts  of  1955  and  1962,   Included  under  this 
Act  are  common  varieties  of  sand,  gravel,  stone,  cinders,  pumice,  pumicite, 
clay,  limestone,  dolomite,  peat  and  petrified  wood  (Maley,  1983). 
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4.2  Classification  of  the  Little  City  of  Rocks  Wilderness  Study  Area 
(HSA  54-5) 

4.2.1  Locatable  Resources 

4.2.1a  Metallic  Minerals.  Little  City  of  Rocks  (55-5)  WSA  (la,  Fig. 13)  is 

classified  as  having  low  potential  for  metallic  mineral  resources  based  on 

indirect  evidence  (2B).  The  basis  of  this  classification  is  the  data  and 
concepts  outlined  in  Section  3.5. 

4.2.1b  Uranium  and  Thorium.  All  of  the  Little  City  of  Rocks  (54-5)  WSA 
(lb,  Fig.  13)  is  classified  as  having  low  potential  for  uranium  and  thorium 
based  on  indirect  evidence  (2B).  The  basis  of  this  classifica- 
tion is  the  data  and  concepts  outlined  in  Section  3.5. 

4.2.1b  Non-Metallic  Minerals.  The  Little  City  of  Rocks  (54-5)  WSA  (lc, 
Fig.  13)  is  classified  as  having  low  potential  for  non-metallic  mineral 
resources  based  on  a  limited  amount  of  direct  evidence  (2C).  This  classi- 
fication is  based  on  the  absence  of  the  Banbury  Basalt  in  the  WSA.  The 
Banbury  hosts  the  known  deposits  of  diatomite  in  the  area.  Also  there  are 
no  reported  occurrences  of  non-metallic  minerals  in  the  Idavada  volcanics 
which  underlie  all  of  the  WSA. 

4.2.2  Leasable  Resources 

4.2.2a  Oil  and  gas.  The  Little  City  of  Rocks  (54-5)  WSA  (la,  Fig.  14)  is 
classified  as  having  low  favorability  for  oil  and  gas  resources,  however  the 
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data  are  considered  insufficient  to  make  a  definitive  evaluation  (?.A).  The 
basis  of  this  classification  is  the  data  and  concepts  outlined  in  Section 
3.5. 

4.2.2b  Geothermal .  The  entire  area  of  the  Little  City  of  Rocks  (54-5)  WSA 
(lb,  Fig.  14)  is  classified  as  having  moderate  to  high  potential  for  low 
temperature  geothermal  resources  based  on  indirect  evidence  (3R-4B).  The 
area  is  classified  as  having  low  to  moderate  potential  for  high  temperature 
resources  but  the  data  is  insufficient  for  a  definitive  evaluation  (2A-3A). 
The  basis  for  this  classification  is  discussed  in  Section  3.5. 

4.2.2c  Sodium  and  Potassium.  All  of  the  Little  City  of  Rocks  (54-5)  WSA 
(lc,  Fig.  14)  is  classified  as  having  low  potential  for  sodium  and  potassium 
based  on  limited  direct,  evidence  (2C)„  The  basis  of  this  classification  is 
the  unfavorable  geologic  environment  of  the  WSA„ 

4. 2. 2d  Other.  The  Little  City  of  Rocks  (54-5)  WSA  (Id,  Fig.  14)  is 
classified  as  having  low  potential  for  other  leasable  resources  based  on 
limited  direct  evidence  (2C). 

4.2.3  Saleable  Resources.  The  Little  City  of  Rocks  (54-5)  WSA  (1,  Fig.  15) 
is  classified  as  having  low  potential  for  saleable  resources,  however  the 
data  are  insufficient  to  make  a  definitive  evaluation  (2A). 
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4.3  Classification  of  the  Black  Canyon  Wilderness  Study  Area  (54-6) 

4.3.1  Locatable  Resources 

4.3.1a  Metallic  Minerals.  All  of  the  Black  Canyon  (54-6)  WSA  (2a,  Fig.  13) 
is  classified  as  having  low  potential  for  metallic  mineral  resources  based 
on  indirect  evidence  (2B).  The  basis  of  this  classification  is  the  data  and 
concepts  outlined  in  Section  3.5. 

4.3.1b  Uranium  and  Thorium.  The  Black  Canyon  (54-6)  WSA  (2b,  Fig.  13)  is 
classified  as  having  low  potential  for  uranium  and  thorium  based  on  indirect 
evidence  (2B).  The  basis  of  this  classification  is  the  data  and  concepts 
outlined  in  Section  3.5. 

4.3.1c  Non-Metallic  Minerals.  All  of  the  Black  Canyon  (54-6)  WSA  (2c,  Fig. 
13)  is  classified  as  having  low  potential  for  non-metallic  mineral  resources 
based  on  a  limited  amount  of  direct  evidence  (2C).  This  classification  is 
based  on  the  absence  of  the  Banbury  Basalt  within  the  WSA.  It  hosts  the 
known  deposits  of  diatomite  in  the  area.  There  are  no  reported  occurrences 
of  non-metallic  minerals  in  the  Idavada  volcanics  which  underlie  all  of  the 
WSA. 

4.3.2  Leasable  Resources 

4.3.2a  Oil  and  Gas.  The  entire  area  of  the  Black  Canyon  (54-6)  WSA  (2a, 
Fig.  14)  is  classified  as  having  low  favorability  for  oil  and  gas  resources, 
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however  the  data  are  considered  insufficient  to  make  a  definitive  evalua- 
tion (2A).  The  basis  of  this  classification  are  the  data  and  concepts  out- 
lined in  Section  3.5. 

4.3.2b  Geothermal.  The  Black  Canyon  (54-6)  VISA  (2b,  Fig.  14)  is  classified 
as  having  moderate  to  high  potential  for  low  temperature  geothermal 
resources  based  on  indirect  evidence  (3B-4B).  The  area  is  classified  as 
having  low  to  moderate  potential  for  high  temperature  resources  but  the  data 
is  insufficient  for  a  definitive  evaluation  (2A-3A).  The  basis  for  this 
classification  is  discussed  in  Section  3.5. 

4.3.2c  Sodium  and  Potassium.  The  Black  Canyon  (54-6)  WSA  (2c,  Fig.  14)  is 
classified  as  having  low  potential  for  sodium  and  potassium  based  on  limited 
direct  evidence  (2C).  The  basis  of  this  classification  is  the  unfavorable 
geologic  environment  of  the  WSA. 

4.3. 2d  Other.  The  entire  area  of  the  Black  Canyon  (54-6)  WSA  (2d,  Fig.  14) 
is  classified  as  having  low  potential  for  other  leasable  resources  based  on 
limited  direct  evidence  (2C). 

4.3.3  Saleable  Resources.  The  Black  Canyon  (54-6)  WSA  (2,  Fig.  15)  is 
classified  as  having  low  potential  for  saleable  resources,  however  the  data 
are  insufficient  to  make  a  definitive  evaluation  (2A). 
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4.4  Classification  of  the  Gooding  Wilderness  Study  Area  (54-8a) 

4.4.1  Locatable  Resources 

4.4.1a  Metallic  Minerals.  All  of  the  Gooding  (54-8a)  WSA  (3a,  Fig.  13)  is 

classified  as  having  low  potential  for  metallic  mineral  resources  based  on 

indirect  evidence  (2B).  The  basis  of  this  classification  is  the  data  and 
concepts  outlined  in  Section  3.5. 

4.4.1b  Uranium  and  Thorium.  The  Gooding  (54-8a)  WSA  (3b,  Fig.  13)  is 
classified  as  having  low  potential  for  uranium  and  thorium  based  on  indirect 
evidence  (2B).  The  basis  of  this  classification  is  the  data  and  concepts 
outlined  in  Section  3.5. 

4.4.1c  Non-Metallic  Minerals.  The  Gooding  (54-8a)  WSA  (3c,  Fig.  13)  is 
classified  as  having  high  potential  for  diatomite  deposits  based  on  direct 
evidence  (4D).  The  basis  of  this  classification  is  the  presence  of  known 
diatomite  deposits  in  the  Banbury  Basalt  along  Clover  Creek.  The  Banbury  is 
also  present  elsewhere  in  the  WSA. 

4.4.2  Leasable  Resources 

4.4.2a  Oil  and  Gas.  The  entire  area  of  the  Gooding  (54-8a)  WSA  (3a,  Fig. 
14)  is  classified  as  having  low  favorability  for  oil  and  gas  resources, 
however  the  data  are  considered  insufficient  to  make  a  definitive  evalua- 
tion (2A).  The  basis  of  this  classification  is  the  data  and  concepts 
outlined  in  Section  3.5. 
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4.4.2b  Geothermal.  The  Gooding  (54-8a)  WSA  (3b,  Fig.  14)  is  classified  as 
having  moderate  to  high  potential  for  low  temperature  geothermal  resources 
based  on  indirect  evidence  (3B-4B).  The  area  is  classified  as  having  low  to 
moderate  potential  for  high  temperature  resources  but  the  data  is  insuf- 
ficient for  a  definitive  evaluation  (2-3A).  The  basis  for  this  classifica- 
tion is  discussed  in  Section  3.5. 

4.4.2c  Sodium  and  Potassium.  The  Gooding  (54-8a)  WSA  (3c,  Fig.  14)  is 
classified  as  having  low  potential  for  sodium  and  potassium  based  on  limited 
direct  evidence  (2C).  The  basis  of  this  classification  is  the  unfavorable 
geologic  environment  of  the  WSA. 

4. 4. 2d  Other.  All  of  the  Gooding  (54-8a)  WSA  (3d,  Fig.  14)  is  classified 
as  having  low  potential  for  other  leasable  resources  based  on  limited  direct 
evidence  (2C). 

4.4.3  Saleable  Resources.  The  Gooding  (54-8a)  WSA  (3,  Fig.  15)  is 
classified  as  having  low  potential  for  saleable  resources,  however  the  data 
is  insufficient  to  make  a  definitive  evaluation  (2A). 

4.5  Classification  of  the  City  of  Rocks  (54-8b)  Wilderness  Study  Area 

4.5.1  Locatable  Resources 

4.5.1a  Metallic  Minerals.  All  of  the  City  of  Rocks  (54-8b)  WSA  (4a,  Fig. 
13)  is  classified  as  having  low  potential  for  metallic  mineral  resources 
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based  on  indirect  evidence  (2B).  The  basis  of  this  classification  is  the 
data  and  concepts  outlined  in  Section  3.5. 

4.5.1b  Uranium  and  Thorium.  The  City  of  Rocks  (54-8b)  WSA  (4b,  Fig.  13)  is 
classified  as  having  low  potential  for  uranium  and  thorium  based  on  indirect 
evidence  (2B).  The  basis  of  this  classification  is  the  data  and  concepts 
outlined  in  Section  3.5. 

4.5.1c  Non-Metallic  Minerals.  The  City  of  Rocks  (54-3b)  WSA  (4c,  Fig.  13) 
is  classified  as  having  high  potential  for  diatomite  deposits  based  on 
direct  evidence  (4D).  The  basis  for  this  classification  is  the  presence  of 
diatomite  deposits  within  the  Banbury  Basalt  which  underlies  much  of  the 

WSA. 

4.5.2  Leasable  Resources 

4.5.2a  Oil  and  Gas.  All  of  the  City  of  Rocks  (54-8b)  WSA  (4a,  Fig.  14)  is 
classified  as  having  low  favorability  for  oil  and  gas  resources,  however  the 
data  are  considered  insufficient  to  make  a  definitive  evaluation  (2A).  The 
basis  of  this  classification  are   the  data  and  concepts  outlined  in  Section 
3.5. 

4.5.2b  Geothermal.  The  City  of  Rocks  (54-8b)  WSA  (4b,  Fig.  14)  is  classi- 
fied as  having  moderate  to  high  potential  for  low  temperature  geothermal 
resources  based  on  indirect  evidence  (3B-4B).  The  area  is  classified  as 
having  low  to  moderate  potential  for  high  temperature  geothermal  resources 
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but  the  data  is  insufficient  for  a  definitive  evaluation  (2A-3A).  The  basis 
for  this  classification  is  discussed  in  Section  3.5. 

4.5.2c  Sodium  and  Potassium.  The  City  of  Rocks  (54-8b)  WSA  (4c,  Fig.  14) 

is  classified  as  having  low  potential  for  sodium  and  potassium  based  on 

limited  direct  evidence  (2C).  The  basis  of  this  classification  is  the 
unfavorable  geologic  environment  of  the  WSA. 

4. 5. 2d  Other.  The  City  of  Rocks  (54-8b)  WSA  (4d,  Fig.  14)  is  classified  as 
having  low  potential  for  other  leasable  resources  based  on  limited  direct 
evidence  (2C). 

4.5.3  Saleable  Resources.  The  City  of  Rocks  (54-8b)  WSA  (4,  Fig.  15)  is 
classified  as  having  low  potential  for  saleable  resources,  however  the  data 
are  insufficient  to  make  a  definitive  evaluation  (2A). 

4.6  Classification  of  the  Deer  Creek  (54-10)  Wilderness  Study  Area 

4.6.1  Locatable  Resources 

4.6.1a  Metallic  Minerals.  The  entire  area  of  the  Deer  Creek  (54-10)  WSA 
(15a,  Fig.  13)  is  classified  as  having  low  potential  for  metallic  mineral 
resources  based  on  indirect  evidence  (2B).  The  basis  of  this  classifica- 
tion is  the  data  and  concepts  outlined  in  Section  3.5. 

4.6.1b  Uranium  and  Thorium.  The  Deer  Creek  (54-10)  WSA  (5b,  Fig.  13)  is 
classified  as  having  low  potential  for  uranium  and  thorium  based  on  indirect 
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evidence  (2B).  The  basis  of  this  classification  is  the  data  and  concepts 
outlined  in  Section  3.5. 

4.6.1c  Non-Metallic  Minerals.  The  Deer  Creek  (54-10)  WSA  (5c,  Fig.  13)  is 
classified  as  having  moderate  potential  for  diatomite  deposits  based  on 
limited  direct  evidence  (3C).  The  basis  for  this  classification  is  the 
presence  of  diatomite  deposits  within  the  Banbury  Basalt  which  underlies 
much  of  the  WSA. 

4.6.2  Leasable  Resources 

4.6.2a  Oil  and  Gas.  The  Deer  Creek  (54-10)  WSA  (5a,  Fig.  14)  is  classified 
as  having  low  favorability  for  oil  and  gas  resources,  however  the  data  are 
considered  insufficient  to  make  a  definitive  evaluation  (2A).  The  basis  of 
this  classification  is  the  data  and  concepts  outlined  in  Section  3.5. 

4.6.2b  Geothermal.  The  Deer  Creek  (54-10)  WSA  (5b,  Fig.  14)  is  classified 
as  having  moderate  potential  for  low  temperature  geothermal  resources  based 
on  indirect  evidence  (3B).  The  area  is  classified  as  having  low  potential 
for  high  temperature  resources  but  the  data  is  insufficient  for  a  definitive 
evaluation  (2A).  The  basis  for  this  classification  is  discussed  in  Section 
3.5. 

4.6.2c  Sodium  and  Potassium.  The  Deer  Creek  (54-10)  WSA  (5c,  Fig.  15)  is 
classified  as  having  low  potential  for  sodium  and  potassium  based  on  limited 
direct  evidence  (2C).  The  basis  of  this  classification  is  the  unfavorable 
geologic  environment  of  the  WSA. 
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4. 6. 2d  Other.  The  Deer  Creek  (54-10)  USA  (5d,  Fig.  15)  is  classified  as 
having  low  potential  for  other  leasable  resources  based  on  limited  direct 
evidence  (2C). 

4.6.3  Saleable  Resources.  All  of  the  Deer  Creek  (54-10)  WSA  (5,  Fig.  15) 
is  classified  as  having  low  potential  for  saleable  resources,  however  the 
data  are  insufficient  to  make  a  definitive  evaluation 
(2A). 

4.7  Classification  of  the  King  Hill  Creek  (19-2)  Wilderness  Study  Area 

4.7.1  Locatable  Resources 

4.7.1a  Metallic  Minerals.  All  of  the  King  Hill  Creek  (19-2)  WSA  (6a,  Fig. 
13)  is  classified  as  having  low  potential  for  metallic  mineral  resources 
based  on  indirect  evidence  (2B).  The  basis  of  this  classification  is  the 
data  and  concepts  outlined  in  Section  3.5. 

4.7.1b  Uranium  and  Thorium.  The  King  Hill  Creek  (19-2)  WSA  (6b,  Fig.  13) 
is  classified  as  having  low  potential  for  uranium  and  thorium  based  on 
indirect  evidence  (2B).  The  basis  of  this  classification  is  the  data  and 
concepts  outlined  in  Section  3.5. 

4.7.1c  Non-Metallic  Minerals.  The  southern  portion  of  the  King  Hill  Creek 
(19-2)  WSA  (7c,  Fig.  13)  is  classified  as  having  moderate  potential  for 
diatomite  deposits  based  on  limited  direct  evidence  (3C).  The  remainder  of 
the  WSA  (6c,  Fig.  13)  is  classified  as  having  low  potential  for  diatomite 
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deposits  based  on  limited  direct  evidence  (2C).  The  basis  for  the  classifi- 
cation is  the  occurrence  of  known  diatomite  deposits  in  the  Banbury  Basalt 
which  underlies  area  14.  Area  6c  is  underlain  by  Idavada  volcanics  which 
are  not  known  to  host  diatomite  deposits. 

4.7.2  Leasable  Resources 

4.7.2a  Oil  and  Gas.  The  King  Hill  Creek  (19-2)  WSA  (6a,  Fig.  14)  is 
classified  as  having  low  favorability  for  oil  and  gas  resources,  however  the 
data  are  considered  insufficient  to  make  a  definitive  evaluation  (2A).  The 
basis  of  this  classification  is  the  data  and  concepts  outlined  in  Section 
3.5. 

4.7.2b  Geothermal.  All  of  the  King  Hill  Creek  (19-2)  WSA  (6b,  Fig.  14)  is 
classified  as  having  high  potential  for  low  temperature  geothermal  resources 
based  on  limited  direct  evidence  (4C).  The  WSA  is  classified  as  having 
moderate  potential  for  high  temperature  resources  based  on  indirect  evidence 
(3B).  The  basis  for  this  classification  is  discussed  in  Section  3.5. 

4.7.2c  Sodium  and  Potassium.  The  King  Hill  Creek  (19-2)  WSA  (6c,  Fig.  14) 
is  classified  as  having  low  potential  for  sodium  and  potassium  based  on 
limited  direct  evidence  (2C).  The  basis  of  this  classification  is  the 
unfavorable  geologic  environment  of  the  WSA. 

4. 7. 2d  Other.  The  King  Creek  (19-2)  WSA  (6d,  Fig.  14)  is  classified  as 
having  low  potential  for  other  leasable  resources  based  on  limited  direct 
evidence  (2C). 
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4.7.3  Saleable  Resources.  The  King  Hill  Creek  (19-2)  WSA  (6,  Fig.  15)  is 
classified  as  having  low  potential  for  saleable  resources,  however  the  data 
are   insufficient  to  make  a  definitive  evaluation  (2A). 
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5.0  RECOMMENDATIONS  FOR  FURTHER  WORK 

The  metallic  minerals  and  uranium  evaluation  could  be  upgraded  if  geo- 
chemical  sample  data  were  available  for  the  Mt.  Bennett  Hills  GRA.  Stream 
sediment  and  panned  concentrate  samples  should  be  taken  from  all  drainages 
in  the  GRA  at  a  density  of  one  sample  per  square  mile.  Sampling  of  the 
Volcano  district  should  be  done  to  provide  a  model  of  the  geochemical 
signature  of  precious  metal  veins.  The  samples  should  be  analyzed  for 
copper,  lead,  zinc,  molybdenum,  silver,  gold,  and  tungsten.  The  Department 
of  Energy  geochemical  samples  should  be  plotted  on  maps  to  determine  if  any 
are  within  the  Mt.  Bennett  Hills  GRA.  If  the  number  of  samples  is  insuf- 
ficient for  evaluation  purposes  then  any  stream  silt  samples  collected 
should  also  be  analyzed  for  uranium. 

Mapping  by  Malde  and  Powers  (1972)  indicates  that  diatomite  deposits  occur 
in  the  sedimentary  portion  of  the  Banbury  Basalt.  However,  the  sedimentary 
component  of  the  Banbury  is  mapped  only  on  a  reconnaissance  scale  (Rember 
and  Bennett,  1979).  More  detailed  mapping  (at  least  1:24,000  scale)  of 
areas  underlain  by  Banbury  Basalt  should  be  done  to  determine  the 
distribution  of  the  diatomite  depoists.  This  will  allow  better  definition 
of  areas  within  the  WSAs  which  have  non-metallic  mineral  resource  potential 

The  oil  and  gas  evluation  could  be  upgraded  by  completion  of  the  following 
studies: 
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1.  Detailed  geophysical  studies  in  the  Western  Snake  River  Plain  should 
be  made.  These  will  allow  the  recognization  of  subsurface  structures 
that  could  contain  potential  hydrocarbon  reservoirs. 

2.  Hydrocarbon  characterization  and  thermal  maturity  studies  should  be 
made  of  potential  source  beds  from  cuttings  or  core  samples  taken  from 
deep  tests  in  the  western  Plain.  This  will  indicate  the  types  of 
hydrocarbons  to  be  anticipated  from  favorable  beds  in  the  area. 

The  geothermal  evaluation  of  the  WSAs  will  be  complex  because  of  the 
relatively  unknown  detailed  geology,  hydrology,  and  thermal  character  of  the 
area.  Evaluation  of  the  more  promising  areas  of  the  Little  City  of  Rocks, 
Black  Canyon,  Gooding  and  City  of  Rocks  WSAs  as  well  as  the  King  Hill  Creek 
WSA  would  require  detailed  geologic  mapping,  structural  analysis,  geochemi- 
cal  sampling  of  spring  waters,  shallow  gradient  drilling,  and  intermediate 
temperature  tests.  A  drilling  program  of  five  to  ten  500-foot  holes  and  one 
or  more  1,500-3,000  foot  holes  would  be  necessary  to  complete  the  evaluation 
for  each  WSA. 
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APPENDIX  I 
WILDERNESS  STUDY  AREA  MAPS 
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